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INTRODUCTION
The Bureau of Reclamation (BOR) is developing a monthly streamflow accounting model to evaluate the effects of various water-allocation schemes on water availability at selected locations in the Milk River Basin in Montana. To make comparisons between schemes, a consistent data set of natural flows (unaffected by human use) is required. Accordingly, the BOR needs natural monthly flows at 13 sites for the base period 1928-89. Of the 13 sites (table 1) , hereinafter referred to as nodes, 2 are in the St. Mary River Basin and 11 are in the Milk River Basin ( fig. 1 ). Because six of the nodes are at U.S. Geological Survey (USGS) streamflow-gaging stations and because the USGS has synthesized natural flows for international apportionment purposes at several nodes in the study area, the BOR requested that the USGS synthesize monthly natural flows for use in the model. This report, which was prepared in cooperation with the BOR, presents the results of the synthesis of natural flows for the 1928-89 base period for 13 nodes. Because the amount of streamflow and water-use data for the nodes varied, several methods were used to synthesize natural flows. The study area includes the St. Mary River Basin in Montana and the Milk River Basin. The Milk River originates along the east side of the St. Mary River Basin boundary in northwest Montana, flows northeast into Alberta, Canada, and then flows eastward for about 110 mi before reentering Montana ( fig. 1 ). The river continues flowing in a southeasterly direction until it joins the Missouri River downstream from Fort Peck Lake near Nashua in northeastern Montana. 1928 1928-81; 1984-891 1928-89 1931-891 1928-891 1959-69 1983-89 1951-73 1982-88 -' Monthly data are available only for March-October. Station data were not used to synthesize natural flows. 3Streamflow-gaging station. Peoples Creek near Dodson, Mont., is located about 7 mi upstream from node.
The Milk River drains about 23,000 mi2 in the United States and Canada, including mountains and plains areas. From the headwaters in the mountains to Fresno Reservoir, the tributaries drain plains areas and the Sweetgrass Hills. From Fresno Reservoir to the confluence of Peoples Creek, the tributaries joining from the south drain the Bearpaw and Little Rocky Mountains, whereas tributaries joining from the north drain plains areas. From the confluence of Peoples Creek to the mouth of the river, the tributaries joining from the north and south drain plains areas.
The major use of water in the Milk River Basin in both the United States and Canada is for irrigation. Some of the water used in the basin is from a transbasin diversion from the St. Mary River drainage in Montana. Water from Swiftcurrent Creek, a tributary to the St. Mary River, is stored in Lake Sherburne and released during the irrigation season to supplement flow of the St. Mary River. Water is diverted from the St. Mary River via the St. Mary Canal into the North Fork of the Milk River near the International Boundary.
Water is diverted from the Milk River and its tributaries for irrigation and municipal supply and is stored in reservoirs for future use. The largest reservoir (103,000 acre-ft) is Fresno Reservoir on the mainstem Milk River in Montana. Numerous smaller reservoirs are located on tributaries.
SYNTHESIS OF NATURAL FLOWS
At five nodes where gaged flow data were available, natural flows for the periods of record had either been previously synthesized by the U.S. Geological Survey and Water Survey of Canada (USGS/WSC) or were considered to be the same as the recorded flows (D.B. Hanson, U.S. Geological Survey, written commun., 1992). For the remaining eight nodes, a method developed by the Montana Reserved Water Rights Compact Commission (MRWRCC) that used flow records from selected (index) gaging stations was used to synthesize natural flows (Robert A. Levitan, Montana Reserved Water Rights Compact Commission, written commun., 1990) . Because some gaging stations at nodes and some index gaging stations were operated seasonally and because the gaging stations had variable record lengths, a Streamflow record-extension program was used to estimate missing monthly flows within the base period.
Nodes 1 and 2 are in the St. Mary River Basin where water use is negligible. However, Swiftcurrent Creek at Sherburne (node 1) and St. Mary River at International Boundary (node 2) are affected by regulation of Lake Sherburne. In addition, irrigation-season flows at node 2 are affected by diversions into the St. Mary Canal which supplies the Milk River with irrigation water. Monthly natural flows for nodes 1 and 2 were previously synthesized by the USGS/WSC for March or April through October for the base period. In addition, total natural flow for each year for the period of record for November through March was previously synthesized for node 2. Total natural flow for November through March of each year was disaggregated into monthly natural flows by multiplying the total by the ratios of recorded monthly flows to recorded total flow.
Nodes 3-13 are in the Milk River Basin. The first node in the Milk River Basin is Milk River at Western Crossing of International Boundary (node 3), where upstream water use is negligible and flows are not regulated. Therefore, the seasonal (March through October) flows recorded at the streamflow-gaging station, Milk River at Western Crossing of International Boundary (06133000), were considered to be natural flows for node 3.
For Milk River at Eastern Crossing of International Boundary (node 4), monthly natural flows for the period of record for March through October were previously synthesized by the USGS/WSC. In addition, total flow for each year for the period November through February, which was assumed to be natural, was determined by the USGS. At this node, total flow for November through February for each year in the base period was disaggregated into monthly flows by multiplying total flow by the ratios of monthly flow to total flow for the period November through February determined from an upstream, streamflow-gaging station, Milk River at Milk River, Alberta (06134500), which is operated year-round.
Monthly natural flows for all mainstem nodes from node 5 to node 13 were synthesized using a method developed by the MRWRCC for synthesis of flows at node 9. The method developed by the MRWRCC was based on synthesizing natural runoff from the intervening drainage area between nodes 4 and 9, then adding the runoff to previously synthesized natural flows at node 4. The MRWRCC divided the intervening drainage area between nodes 4 and 9 into three subareas (A, B, and C) based on runoff characteristics and historical flow data ( fig. 1 ). Total monthly natural runoff from each subarea was synthesized by using recorded or synthesized monthly flows at one or more index gaging stations and an adjustment factor based on the ratio of total drainage area of the subarea to the combined drainage areas of the index stations. For example, if two index stations with a combined drainage area of 200 mi2 were used to synthesize monthly runoff from a subarea with a drainage area of 500 mi2, recorded flows for the index stations would be added together and multiplied by (500/200) to obtain synthesized natural runoff from the subarea. The index stations used for each subarea, along with the associated drainage areas, are listed in table 2. The intervening drainage area for each subarea, by node, is listed in table 3.
This method was used for the synthesis of natural flows at Milk River nodes because it eliminated the need to consider mainstem reservoir regulation or diversions. Application of the method to nodes between nodes 4 and 9 required some adjustment because the intervening drainage areas included only portions of subareas A, B, and C. Application of the method to Milk River nodes downstream from node 9 required the delineation of two additional subareas (D andE).
Subarea A comprises generally low-runoff-producing plains where streams commonly flow only intermittently. Index stations within subarea A (table  2) having recorded flows that were considered to be near-natural and generally representative of total runoff from subarea A were Woodpile Coulee near International Boundary (06150000), East Fork Battle Creek near International Boundary (06150500), and Lyons Creek at International Boundary (06151000). In addition, Whitewater Creek near International Boundary (06156000) was selected to be an index station for subarea A, even though it is located in a different subarea, because its runoff characteristics were considered to be similar to those of most streams in subarea A. The total drainage area of subarea A is 3,661 mi2 (table 3) . The total drainage area of the four index stations is 674 mi2. Total natural runoff for any month from subarea A was thus the combined flow for that month from the four index stations times (3,661/674).
Although subarea B is mostly plains, it includes the Bearpaw Mountains which produce more runoff than do the plains. The single index station (table 2) having flows that were considered to be near-natural and most representative of runoff from subarea B is Peoples Creek near Dodson (06154500) which is located in subarea E. The total drainage area of subarea B is 1,628 mi2 (table 3) , and the drainage area of the index station is 670 mi2. Total natural runoff for any month from subarea B was thus calculated as the recorded flow for that month at the index station times (1,628/670).
Subarea C includes the drainage basins of Lodge Creek below McRae Creek at the International Boundary (06145500) and Battle Creek at the International Boundary (06149500). Although recorded flows at these sites have been affected by upstream use, storage, and diversions, natural flows have previously been synthesized by the Canada Department of Environment (Environment Canada) for the period 1911-69 (Water Planning and Management Branch, 1972) and by the USGS/WSC for the period 1961-89. The total 0  960  2,488  2,646  3,661  3,661  3,661  3,661  3,661   B  0  0  502  660  1,326  1,628  1,628  1,628  1,628   C  0  0  0  0  1,357  1,357  1,357  1,357  1,357   D  0  0  0  0  0  0  635  10,400  12,620   E  0  0  0  0  0  0  0  670  670 drainage area of subarea C is 1,357 mi2 and is coincident with the combined drainage areas of the two index stations (tables 2 and 3). Total natural runoff for any month from subarea C is thus the combined synthesized natural flow for that month from the two index stations.
Subarea D consists of the intervening Milk River drainage between node 9 and the mouth, except for the drainage area of Peoples Creek, and comprises generally low-runoff-producing plains. Index stations (table 2) having recorded flows that are considered to be near-natural and generally representative of streams draining subarea D are Beaver Creek below Guston Coulee, near Saco (station 06166000), Rock Creek below Horse Creek, near International Boundary (station 06169500), and Porcupine Creek at Nashua (station 06175000). In addition, Frenchman River at International Boundary (station 06164000), although heavily used and regulated upstream, was used as an index station because the USGS/WSC had previously synthesized natural flows for water apportionment purposes for the period 1937-89.
Subarea E, which is drained only by Peoples Creek, is separate from subarea D because it includes part of the Bearpaw Mountains and because Peoples Creek near Dodson (06154500) is a separate node (node 11) for which synthesized natural flows were required. Peoples Creek is thus used as an index station for both subareas B and E.
Natural runoff for any month at a node between node 4 and the mouth was synthesized using the following equation:
where Areas A, B, C, D, and E are the portions of intervening drainage area within subareas A, B, C, D, and E, respectively. Index A, B, C, D, and E are the combined drainage areas of the index stations for subareas A, B, C, D, and E, respectively. QA, QB, QC, QD, and QE are the combined flows of the index stations in subareas A, B, C, D, and E, respectively.
To illustrate the use of equation 1, assume that the combined flow for some month for the 4 index stations in subarea A is 30 ftVs. For the same month, the flow for the index station for subarea B and E is 25 ft3/s, the combined flow for the 2 index stations for subarea C is 110 ft3/s, and the combined flow for the 4 index stations for subarea D is 140 ftVs. To synthesize natural runoff for the area between nodes 4 and 10, the portion of intervening area within each subarea is determined from table 3 as follows:
Area A = 3,661 square miles Area B = 1,628 square miles Area C = 1,357 square miles Area D = 635 square miles Area E = 0 square miles Because none of subarea E is included in the intervening drainage area between nodes 4 and 10, subarea E is not a part of subsequent calculations. 
STREAMFLOW RECORD EXTENSION
To extend short-term and seasonal flow records to the 1928-89 base period, a streamflow recordextension program developed by Alley and Burns (1983) was used. This program selects the best nearby (base) station from all those available in a region to estimate, using a regression technique, each month of missing record at a node. Thus, if a node has several months of missing record, several different base stations may be used for estimating missing flows. The criterion for selection is to use the base station that results in the smallest standard error of prediction for that month. Only stations with flow record for a particular month and year were used to estimate missing flows at other nodes for that month and year, previously estimated flows were not used to estimate other missing flows. Flow records were extended to the 1928-89 base period at 3 nodes and 10 index stations used to synthesize natural flow at nodes in the St. Mary and Milk River Basins.
The regression technique used in the streamflow record-extension program is the MOVE. 1 (Maintenance of Variance Extension, Type 1) curve-fitting technique described by Hirsch (1982) . This technique is analogous to ordinary least-squares (OLS) regression, butMOVE.l, unlike OLS regression, results in an extended flow record with a variance comparable to that of the unextended flow record.
To extend flow records at the nodes and index stations, 24 stations were used as base stations in the record-extension program (table 4 at the back of the report). Included in the list of base stations are some nodes for which both recorded and natural-flow data are available. Based on the selection criteria, the recorded flow data were used to estimate missing record at some nodes, and the synthesized natural flows were used to estimate missing record at other nodes.
Because the synthesized natural-flow records for Lodge Creek below McRae Creek at International Boundary (06145500) and Battle Creek at International Boundary (06149500) were computed by two sources, the streamflow record-extension program was used at each node to ensure that natural flows would be consistent for the 1928-89 base period. The MOVE.l technique was thus used at each node to regress natural flows determined by Environment Canada against natural flows determined by the USGS/WSC in order to extend natural-flow record determined by the USGS/ WSC. For convenience in the use of the streamflow record-extension program, synthesized natural-flow records at streamflow-gaging stations were assigned the same station numbers as the gages except for the last two digits. The last two digits of station numbers for natural-flow records synthesized by Environment Canada were 99, whereas the last two digits of station numbers for natural-flow records synthesized by the USGS/WSC were 88. Thus, for example, the station number assigned to the natural-flow record for Battle Creek that was synthesized by Environment Canada was 06145599, and the station number assigned to the natural-flow record at this station that was synthesized by the USGS/WSC was 06145588.
The results of streamflow synthesis are presented in tables 5-17 at the back of the report. One table was prepared for each node and shows the synthesized total monthly flow volume, in acre-feet, for each calendar year of the base period.
RELIABILITY OF RESULTS
Owing to man's activities in the Milk River Basin that predate the establishment of streamflow-gaging stations, no data were available to which the results of the synthesis of natural flows could be directly compared. However, some qualitative comparisons could be made based on the seasonal distribution of flows from a typical mountain stream and a typical plains stream that were little affected by irrigation. In addition, a comparison between synthesized and historical flows near the mouth of the Milk River provided insight as to the correctness of the magnitude and distribution of synthesized natural flows.
Reservoir releases and irrigation-return flows weeks or months after the water was diverted or stored result in an alteration in the monthly distribution of flows. However, the monthly distribution of synthesized natural flows should be similar to the monthly distribution of flows from similar streams that are not affected by diversions or storage.
Monthly flow distributions for the North Fork Sun River near Augusta, Mont. (06078500), a station on a mountain stream, and the Poplar River near Poplar, Mont. (06181000), a station on a plains stream, were compared with the monthly distributions of synthesized natural flows for two nodes on the Milk River. Neither comparison station has significant upstream irrigation diversions. A small reservoir provides some control of the flows of a tributary to the Poplar River, but its effect on monthly distribution of flow is believed to be minor.
Dimensionless monthly flows were computed for the two comparison stations and for the natural-flow records for Milk River at Eastern Crossing of International Boundary (node 4) and Milk River at mouth (node 13) by dividing the means of the monthly flows by the mean annual flow. A graphical comparison of the dimensionless monthly flows at the comparison stations to the dimensionless monthly natural flows at the two Milk River nodes is shown in fig. 2 . As shown in figure 2A , the Milk River at Eastern Crossing of International Boundary (node 4) has a monthly distribution of flows that is intermediate between the distributions of the North Fork Sun and Poplar Rivers. The distribution was similar to those for both the North Fork Sun River and Poplar River from about August through January. The increase in flow owing to spring runoff for the Milk River at Eastern Crossing is similar to that of the Poplar River. From March through July the distribution is generally intermediate between the two comparison stations. The distribution of synthesized natural flows for Milk River at mouth (node 13) is similar to that of the Poplar River throughout the year, indicating that the synthesized natural flows are typical of natural flows of a plains stream.
Finally, the means of synthesized monthly natural flows for the Milk River at mouth (node 13) were compared to the means of recorded monthly flows for the streamflow-gaging station, Milk River at Nashua (station 06174500) for the period of gaged record . As shown in figure 3 , recorded flows were larger than synthesized flows for October through January, probably as a result of irrigation return flows. Synthesized flows were larger than recorded flows from February through June, probably because of the storage of spring runoff in the numerous reservoirs in the basin. From July through September, the hydrographs are nearly the same, indicating that the diversion of water from the St. Mary River Basin and the release of stored water about equaled the water consumptively used by irrigation in the Milk River Basin. 
SUMMARY
Natural monthly streamflows were synthesized for 2 sites in the St. Mary River Basin and 11 sites in the Milk River Basin in north-central Montana. The sites are represented as nodes in a streamflow accounting model being developed by the Bureau of Reclamation. The data were synthesized for 1928-89. The methods of synthesis varied depending on the degree of human activities upstream and data availability.
Flows at nodes in the St. Mary River Basin were affected by storage in Lake Sherburne, and flows at the node St. Mary River at International Boundary also were affected by diversion into the St. Mary Canal. Natural flows were previously synthesized by the USGS/WSC for March or April through October. In addition, total flow for November through March had been synthesized for the St. Mary River at International Boundary. The total flow was disaggregated into monthly flows by multiplying the total by the ratios of recorded monthly flows to recorded total flow.
The recorded flows of the Milk River at Western Crossing of International Boundary were assumed to be the natural flows. Water use and flow regulation upstream from the seasonal streamflow-gaging station were considered to be negligible.
Natural flows for the Milk River at Eastern Crossing of International Boundary were previously synthesized by the USGS. Total flows for November through February were disaggregated to monthly mean flows using percentages computed from recorded winter flows for Milk River at Milk River, Alberta.
The flows at the main-stem nodes downstream from Eastern Crossing were synthesized by adding the synthesized runoff from subareas to natural flows for Milk River at Eastern Crossing. Natural runoff was synthesized by adding the flows from index stations and multiplying by a drainage-area ratio. Flows for Peoples Creek, a tributary to the Milk River, were assumed to be natural flows.
A streamflow record-extension program was used to extend short-term and seasonal flow records to the 1928-89 base period. Flow records were extended at 3 nodes and 10 index stations in the St. Mary and Milk River Basins.
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